Two d 10 metal coordination polymers with bis-benzimidazole ligands, [(Ag(L 1 
Introduction
The design and assembly of coordination polymers with novel structures and physical and chemical properties relevant to catalysis, adsorption, luminescence, nonlinear optics, and magnetism are of great interest [1 -4] . To date, the rational and controllable synthesis of coordination networks and supramolecular architectures are still an intricate challenge in most cases. Several factors, such as preferred coordination geometry of the metals, the functionality, flexibility and symmetry of the organic ligands, and the template effects of structure-directing agents may affect the assembly of the complexes [5 -7] . Usually, the design of the bridging ligand is a useful way of manipulating polymeric structures. Among various organic ligands, flexible bis(benzimidazole) derivatives, which can satisfy the coordination needs of the metal centers and consequently generate more robust and intricate networks, have attracted much attention and have been widely used as classical Nbased ligands. In our previous studies, we prepared a series of bis-benzimidazole-type bridging ligands, which exhibited the ability to join metal ions in a variety of inorganic-organic arrangements ranging from discrete assemblies to infinite molecular networks [8 -11] . These structurally varying architectures provide fascinating insight into the design of solidstate materials. The efficient luminescence from certain Cu(I) and Ag(I) complexes has been the subject of intense studies, particularly within the context of assigning the optical transitions involved. So, we and other groups have focused on the synthesis and structural exploration of metal coordination polymers with flexible bis-benzimidazole ligands [9 -19] In the study presented here the self-assembly reactions were carried out under hydrothermal condi-
The crystal structures and solid-state fluorescence properties of these compounds are reported.
Results and Discussion
Crystal structure of [(Ag(L 1 
X-Ray diffraction analysis has indicated that 1 crystallizes in the monoclinic space group P2 1 /c. The asymmetric unit consists of one Ag(I) ion, one L 1 ligand, one uncoordinated nitrate anion and four water molecules. As shown in Fig. 1 , the Ag(I) ion is linearly coordinated by two imidazole nitrogen atoms from two different L 1 ligands with distances Ag1-N2 = 2.117(3) and Ag-N4A = 2.121(3)Å (symmetry code A: x − 1, -y + 3/2, z − 1/2). The angle N2-Ag1-N4A is 165.69 (11) • , and the dihedral angle between the mean planes of the benzimidazole rings is 3.08 • .
In 1, L 1 is a bridging bis(monodentate) ligand and connects the silver atoms forming a zigzag chain, as shown in Fig. 1 . The distance between two adjacent Ag(I) atoms is 13.505(13)Å, and the Ag· · ·Ag· · ·Ag angle is 146.73 • . Furthermore, the chains are connected into a 2D supramolecular network through two different kinds of face-to-face π-π stacking interactions. One is between imidazole rings of adjacent chains with the interplanar separation being 3.449Å (the centroid-centroid and slippage distances are 3.701 and 1.341Å, respectively); another one is between imidazole and benzene rings of benzimidazole molecules of adjacent chains with an interplanar separation of 3.412Å (the centroid-centroid and slippage distances are 3.576 and 1.071Å, respectively), as depicted in Fig. 1 .
Complex 1 contains large, solvent-accessible voids of about 232Å 3 comprising 21.3 % of the unit cell volume. Such porous materials may be potential candidates for applications such as gas absorption or gas sensing.
Synthesis, UV/Vis spectrum and crystal structure of [Cu 2 (L 2 )(CN) 2 ] n (2)
The self-assembly reaction of CuCl 2 , the bidentate nitrogen ligands and K 3 [Fe(CN) 6 ] by hydrothermal syntheses is an effective route for the preparation of cyanide-bridged copper(I) complexes [20] , for which the latter provides the cyanide anions. Under high temperature and pressure, copper(II) is readily reduced by the cyanide anion originating from the ironcyano complex to form stable copper(I) complexes and (CN) 2 [20] The reaction between Cu 2+ and (uncomplexed) CN − at ambient conditions has been known for a long time and is a well-established laboratory procedure for the preparation of CuCN.
As is common for metal cyanide complexes, complex 2 is insoluble in water and common organic sol- vents such as methanol, ethanol, acetonitrile. The copper atom in 2 has the oxidation state +1 which can be inferred from the absence of color and the compo- sition as ascertained by the crystal structure analysis. Furthermore, the UV/Vis absorption spectra of the ligands L 2 and complex 2 in DMF solution were measured at room temperature (Fig. 2) . The strong bands at 281, 285, 291 nm (for L 2 ), and 285, 291 nm (for complex 2) are ascribed to the π → π * transition within the benzimidazolyl rings.
The asymmetric unit of 2 contains two crystallographically independent copper(I) atoms, two CN − anions, and one L 2 ligand. As depicted in Fig. 3 , compound 2 can be viewed as having zigzag [CuCN] n chains, which are interconnected by pairs of L 2 ligands to form a (6,3) layer.
Both Cu1 and Cu2 atoms are in trigonal-planar coordination geometries. As shown in Fig. 3 , the Cu1 cation is bonded to three nitrogen atoms from one L 2 ligand (Cu1-N5 = 2.037(3)Å) and two different CN − anions (Cu1-N3 = 1.923(5) and Cu1-N4 = 1.928 (5) (Fig. 3) . This undulated (6,3) net contains honeycomb-like cavities, separating two neighboring Cu atoms at distances of 4.946 (9) and 4.945 (8)Å.
IR spectroscopy
For compound 1, the very strong and broad peak at 3420 cm −1 arises from the OH stretching mode of water and the shoulder observed at 1379 cm −1 is assigned to free nitrate ions. For compound 2 the band at 2114 cm −1 is related to the bridging cyanide stretching vibration, which is consistent with the literature [20] . The strong bands at 1615 and 1511 cm −1 for 1, and at 1622 and 1502 cm −1 for 2 can be assigned to vibrations of the benzimidazole rings.
Thermal analysis of complexes 1 and 2
The thermal stability and thermal decomposition behavior of 1 and 2 were studied by thermal analysis in a static N 2 atmosphere from room temperature to 800 • C, as shown in 
Fluorescence properties of compounds 1 and 2
The photoluminescence properties of 1 and 2 and of the ligands of L 1 and L 2 in the solid state were studied at room temperature. The emission maxima are shown in Fig. 5 . Upon excitation at 305 nm, complex 1 exhibits an emission maximum of middle intensity at 378 nm, which is shifted relative to that of the L 1 ligand (λ ex max = 295 nm, λ em max = 400 nm). The bands might be assigned to intra-ligand (n → π * or π * → π * ) transitions [21, 22] . Complex 2 shows an emission at 330 nm upon excitation at 280 nm; compared with the free L 2 ligand (λ ex max = 270 nm, λ em max = 370 nm), the emission is blue-shifted by 40 nm for 2. The bands can be assigned as the metal-to-ligand charge transfer with electrons being transferred from the Cu(I) center to the unoccupied π * orbitals of the cyanide groups [23, 24] .
Conclusion
Two d 10 metal complexes based on flexible 1,4-bis(benzimidazol-1-yl)butane ligands have been synthesized hydrothermally. Structure analysis has shown that the anions and the supramolecular interactions determine the structures of this class of materials. Both complexes are fluorescent in the solid state.
Experimental Section

Materials and general methods
All the solvents and reagents for synthesis were commercially available and used as received. The L 1 and L 2 ligands were prepared according to literature procedures [25] . C, H, and N elemental analyses were performed on a Perkin Elmer 240 C analyzer. The IR spectra were recorded in the 4000 -400 cm −1 range using an FT-IR Avatar 360 (Nicolet) spectrophotometer with KBr pellets. The TG measurements were carried out on a Netzsch TG 209 thermal analyzer from room temperature to 800 • C under N 2 with a heating rate of 10 • C min −1 . The fluorescence spectra were performed with a Hitachi F-7000 spectrophotometer at room temperature. UV/Vis spectra of 2 and the ligand L 2 were obtained with an Hitachi UV-3010 spectrophotometer in DMF solution (2.0 × 10 −5 mol L −1 ) at 298 K. 
Crystal structure determinations
Single-crystal X-ray diffraction data of 1 and 2 were collected on a Bruker Smart 1000 CCD diffractome- Table 1 . Crystallographic data and details of data collection and structure refinement parameters of complexes 1 and 2. ter with graphite-monochromatized Mo K α radiation (λ = 0.71073Å) in ω-2θ scan mode at 293 K (Table 1) . A semi-empirical absorption correction was applied using the program SADABS [26] . The structures were solved by Direct Methods and refined anisotropically by fullmatrix least-squares technique using the program package SHELXTL [27, 28] . Metal atoms in each complex were located from the E-maps, and other non-hydrogen atoms were located in successive difference Fourier syntheses and refined with anisotropic displacement parameters on F 2 . The hydrogen atoms of the organic ligands were generated geometrically and refined in a riding model with isotropic displacement parameters. In the structure of 1, the four water molecules were found to be severely disordered. Their electron density was removed from the diffraction intensities with the routine SQUEEZE of the program PLA-TON [28, 29] PLATON was also used for the evaluation of the structure determinations and some the geometry calculations. Selected bond lengths and angles of 1 and 2 are listed in Table 2 . CCDC 912885 and 912886 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data muderscorerequest/cif.
